ABSTRACT
INTRODUCTION
Petroleum is a complex substance, featuring a wide range of molecular sizes, mostly comprising of aromatic hydrocarbon, alkanes, and compounds, which appear in a smaller quantity containing oxygen, nitrogen and sulfur (Fetter 1993) . It is originated from bitumen from mother-rocks, which determines its composition. The usage and disposal of oil and its derivatives are kept under strict controls due to the fact that it is a relatively new substance to the environment. Still, it is a product of wide circulation and high contamination potential. The resolution 362 of National Environment Council (CONAMA) of Brazil regulates the usage and disposal of new and used lubricant oil. The chemical characteristic of xenobiotic and characteristics of the environment determines how the xenobiotic change concentration and toxicity would vary. A xenobiotic can bioaccumulate, biodegrade or biotransform. Additional knowledge of such substances is important for the development of new drugs (Stine and Brown 1996; Landis and Yu 1995; Saval 2000) . Eco-toxicology studies have shown harmful effects of the chemical agents on living beings and on the environment (Stine and Brown 1996) . According to Landis and Yu (1995) , the environmental toxicology is a relatively new discipline and has multidisciplinary as a main characteristic. Both acute and chronic toxicity tests are performed to comparatively evaluate toxicity of the substances. By using the relevant organisms, such as fish, daphnia, rats, birds and seeds (Stine and Brown 1996; Landis and Yu 1995; Mariano 2007) , the specific toxicity of a chemical compound can be evaluated.
Due to its low cost and reasonable sensitivity, the germination of seeds is an important toxicology test and is a practical resource to indicate the qualitative presence of the toxic or organic inhibitors (Lopes et al. 2010 ). Wang and Keturi (1990) reported that phyto-toxicological tests using Lactuca sativa seeds were effective, since it was a sensitive organism and it has high germination rate. Another widespread toxicity test uses earthworms (Eisenia foetida) as described by the Organization for Economic Cooperation and Development (OECD), Guide for chemical testing No. 207 (OECD 208 1984) and by Wei Liu et al. (2009) . Along with the toxicology studies that aim to remediate the situation caused by the humans, methods of control and impact assessment are often performed as well. One of the most used and studied methodologies is the bioremediation, which is the use of microorganisms to degrade a pollutant and the final products of bioremediation are mainly water and carbon dioxide (Montagnolli et al. 2009; Gutiérrez-Rojas 2000) . Poly-aromatic hydrocarbons are formed primarily by the carbon and hydrogen, i.e., they are the compounds capable of biodegradation. They are also mineral oil lubricant components considered to be carcinogenic, therefore, may affect the living organisms (Cotton et al. 1997) . This is why it is important to know the destination and persistence of these compounds in nature (Shogren et al. 2004) . A tolerable limit of those compounds may be calculated through the toxicological tests by using the sensitive organisms. Lubricant oil behavior in environment along with its properties is a source for the development of new fluids (Eisentraeger et al. 2002) . Thus, studies on the lubricants with lower environmental impact and faster biodegradation capacity have become a useful alternative (Basu et al. 1998; Goyan et al. 1998) . That is why there is the development of synthetic and semi-synthetic lubricant oils. This study aims to analyze the toxicity of automotive lubricant oils (mineral, synthetic, and used lubricant oils) during a set biodegradation period in the terrestrial environment. The toxicological levels during the biodegradation period were observed through the tests using the following organisms: Eruca sativa (arugula), Lactuca sativa seeds (lettuce) and Eisenia andrei (earthworm).
MATERIALS AND METHODS
The soil used in the toxicity bioassays was a sandstone type (grain size from 0.59 mm to 1.0 mm) obtained at UNESP campus in the town of Rio Claro/São Paulo -Brazil. The following oil types were used in the experiments without any kind of mixture: Superior mineral lubricant oil Havoline SJ, SAE 25W-50 Texaco, synthetic lubricant oil Lubrax SW-40 Petrobrás and used lubricant oil collected in oil changing places (gas stations or specialized garages), which made impossible to define the brand or type of oil. For the biodegradation, it was necessary to obtain the potentially biodegrades microorganisms, so the inoculum was buried from March to September 2009 during the dry season. The selection of the microorganisms was made through a natural selection, which was "forced" by the inoculum. Inoculations were buried in the Experimental Garden located near the Institute of Bioscience at UNESP Rio Claro, São Paulo -Brazil. The equipment used in the study were: Chyo model JK200 analytical balance; Gehaka model BG440 semi-analytical balance; Marconi model MA403 type B.O.D. germination chamber; pipettes; plastic bags; beakers and 1, 0.59 and 0.35 mm sieves. Three organisms were used for toxicity tests: Eruca sativa seeds (arugula), Lactuca sativa seeds (lettuce) and Eisenia andrei (earthworms). An initial experiment was undertaken to obtain the reference concentrations to be used. The tested concentrations were: 0.5 mL of oil in 100 g of soil, 1.0 mL of oil in 100 g of soil, 5.0 mL of oil in 100 g of soil and 10.0 mL of oil in 100 g of soil. A single concentration was chosen to compare the effects of different types of oil and various biodegradation periods. Basal concentration was analyzed in three toxicity tests. The variations in the toxicity were monitored during the biodegradation period. This study allowed an indirect evaluation of microbial metabolism efficiency in the contaminants by measuring the biodegradation process in toxicity tests. Inoculum soil was collected according to the Technical Standards L6.245 -"Soil -collection and sample preparation Procedures" (CETESB 1984; Montagnolli et al. 2009 ). The inoculum was a mixture of oil or biodiesel, surfactant (Tween 80), distilled water and soil according to the following proportions: 7.5 mL of contaminant (oils), 0.15 g of surfactant, 6.25 mL of distilled water and 100 g of test soil. The inoculum was prepared based on Lopes and Bidoia (2009) and Montagnolli et al. (2009) . For each type of contaminant, the procedure was performed as follows: 4800 g of sand was mixed with 360 mL of contaminant, 300 mL of distilled water and 7.2 g of surfactant (Tween 80). After homogenization, it was divided into four equal parts: the initial experiment (t0) and other three parts to test the remaining biodegradation periods (t60, t120 and t180 days of biodegradation). For the biodegradation in the environment, it was necessary to bury the inoculum in plastic bags. The bags were stuck with a pin so that the inoculum had contact with the ground, but no risks of wasting material or contaminating its surroundings. Plastic bags were buried at a 15 cm depth. Germination tests using the seeds of E. sativa (arugula) and L. sativa (lettuce) were conducted as described by Lopes et al. (2010) . Three plastic coffee cups (cup 50 mL) containing 50 g of soil were used for each soil sample. Ten seeds of arugula were placed in each cup and 2.0 mL of deionized water were added and the soil was covered with a PVC film. The experiment was carried out in chamber at 22 °C for 72 h and germination could be observed. Simultaneously, a soil as negative control was made without any type of oil to test the seeds viability. The test was performed in initial, intermediate and final stages of the experiment to verify if the toxicity of the sample decreased with the treatment over time. The same procedure was used for the lettuce seeds, with different incubation periods. The experiment was carried out maintained for 120 h in a BOD incubator at 22 °C for 120 h. Simultaneously, a negative control was made, containing only soil without any type of oil to test the viability of the seeds used to in the toxicity testing. In the bioassay using L. sativa seeds, the data were corrected using modified Abbot formula, which allowed to check the efficiency of an insecticide (Abbott 1925) , and in this case, it was used to evaluate the "effectiveness" of the contaminant in inhibiting seed germination. Abbott's formula allows us to obtain the efficiency percentage, %E (Abbott 1925) . The adapted formulas: I% = ((C-T) x100)/C, where I% is the inhibition percentage, C is the number of germinated seeds in the negative control and T is the number of germinated seeds in the treated sample. The toxicological evaluation of this bioassay considered the agent: toxic when presenting germination inhibition above 40%, onset of toxicity when presenting germination inhibition of 10% to 40% and not toxic when present inhibition to 10% (Lopes et al. 2010 ). The toxicity test using Eisenia andrei was performed based in Wei Liu et al. (2009) , Lopes et al. (2010) and Brazil (1988) with adaptations. The adjustments were the base substrate and the incubation period. The substrate used was sandy soil and the incubation period was 168 h instead of amorphous silica and 336 h incubation.
RESULTS AND DISCUSSION
The pilot experiment, which used the concentration of 10.0 mL of lubricant oil to 100 g of soil showed a 100% mortality rate of E. andrei and high germination inhibition of the seeds of L. sativa and E. sativa. Therefore, the concentration of 10 mL of contaminant (oil lubricant) for each 100 g soil was considered too toxic due to the mortality rate of 100% for the E. andrei, so a smaller concentration of 7.5 mL of lubricating oil 100 g of soil was chosen for the toxicity tests. The bioassay using seeds of E. sativa showed a decrease in the toxicity levels of both mineral and synthetic lubricant oils as the biodegradation period was prolonged, and a high and constant level of toxicity for the used lubricant oil in almost all the biodegradation periods (Fig. 1) . In the tests using E. sativa, the oils presented initially high toxicity, reaching above 80% inhibition levels in all cases (Fig. 1) . For the mineral oil, there was an increase in toxicity at t60 days, but a decrease in remaining time. The new synthetic lubricant oil had its toxicity diminished after the adaptation period and the used lubricant oil's toxicity remained high over time. This fact is reported by Lopes et al. (2010) , where the toxicity of mineral and synthetic oil decreased after 90 days of biodegradation and the used oil remained high toxicity before and after biodegradation. In the tests with L. sativa (Fig. 2) the mineral oil initially presented high toxicity, which decreased after 120 days. At 180 days the toxicity level increased, showing that at this time, secondary compounds, which were highly toxic for the testing organisms, might have arisen (Lopes et al. 2010) . The synthetic lubricant oil initially showed high level of toxicity, but it decreased over time and after 60 days of biodegradation, its toxicity remained low and constant (close to 20% inhibition). The used lubricant oil, on the other hand, showed an increase in the toxicity level, especially after 60 days of biodegradation (Fig. 2) . Tests with E. andrei (Fig. 3) showed that 180 days of biodegradation were efficient to diminish the toxicity of the mineral lubricant oil and the synthetic lubricant oil. The first one presented no toxicity at the end of this period and the synthetic lubricant oil presented 10%. The used lubricant oil, on the other hand, did not show toxicity decrease. The mineral lubricant oil is formed by a mixture of different molecules, so it shows difference in biodegradation and toxicity compared to synthetic lubricant oil. Synthetic oil presents known structures, it is composed of molecules produced in refinery and in many cases it becomes more biodegradable (Lopes et al. 2010; Lopes and Bidoia 2009 ). According to Lopes et al. (2010) e Lopes and Bidoia (2009) , the used lubricant oils are biodegraded more easily, followed by the semi-synthetic oil and finally, the mineral oil. In this study, the oil used for the tests were synthetic rather than semi-synthetic. The fact that one material is more biodegradable than the other does not have a direct relationship with its toxicity, since it depends on the formation of side compounds during its biodegradation. In general, used lubricant oils present heavy metals, which comes from vehicles engine usage. This causes its toxicity to be high in biodegradation periods (Fig. 1, 2 and 3 ) mainly in tests with E. sativa and E. andrei, despite the fact that oil molecules are more degraded due to the engine's high temperature and compression levels (Eisentraeger 2002; Lopes and Bidoia 2009) . The fact that the chain is more or less degraded does not necessarily mean that the toxicity level is lower. In many cases, the fact that a substance is more degraded makes it more available to soil organisms. The used lubricant oil did not show toxicity decrease. This may be explained by the presence of heavy metals, which do not suffer degradation, maintaining the high toxicity levels. Therefore a longer biodegradation period or implementation of a bioaugmentation would be a reliable solution for this problem. Although this study shows only analysis of seeds germination, others studies reported that toxic substances can affect the growth of root and hypocotyl and its influence varies with organismtest used (USEPA 1996) .
Control

CONCLUSION
Out of the tested oils, the synthetic one was the most biodegradable one due to the fact that it is formed by molecules which are predominantly formed by only one type of chemical structure. As the microorganisms got adapted to the substrate (synthetic oil) the biodegradation was accelerated and in 60 days the toxicity was reduced in all samples.
Biodegradation proved to be effective for mineral and synthetic oils according to E. andrei tests. Used oil, however, had its toxicity level close to 100% for all biodegradation periods.
To perform a bioremediation of lubricant oils in soil, the biodegradation period should exceed six months, except for the synthetic oil, which may have its toxicity dramatically reduced in just 60 days.
As for the used lubricant oil, the solution could be the bioaugmentation process, which means that heavy metals would be removed from the soil so that the toxicity of environment could be diminished.
